A distinctive pattern of small-scale marine magnetic anomalies (25-100 nT amplitude, 8-25 km wavelength: tiny wiggles) is superimposed on the more generally recognized seafloor spreading pattern between anomalies 24 and 27 in the Indian Ocean. By normalizing and stacking multiple profiles, it is demonstrated that this pattern of tiny wiggles is a high-resolution recording of paleodipole field behavior between chrons C24 and C27. The pattern of tiny wiggles between anomalies 26 and 27 is compared to an ultrafast spreading (82 mm/yr half rate) profile from the southeast Pacific where a similar signal is observed, confirming the paleodipole field origin of the anomalies. Two basic models are considered in which the tiny wiggles are attributed either to short polarity intervals or to paleointensity fluctuations. We conclude that tiny wiggles are most likely caused by paleointensity fluctuations of the dipole field and are a ubiquitous background signal to most fast spreading magnetic profiles. The implications of this study are that (1) tiny wiggles may provide information on the temporal evolution of the geomagnetic dynamo; (2) the small-scale anomalies observed in the Jurassic quiet zones may be due to paleointensity fluctuations; (3) tiny wiggles are potential time markers in large regions of uniform crustal polarity such as the Cretaceous quiet zones; and (4) much of the variance in anomaly profiles normally attributed to crustal eraplacement processes, particularly at fast and ultrafast spreading rates, is actually due to intensity variations in the paleomagnetic field.
INTRODUCTION
Occasional short polarity intervals, in addition to those originally identified by Heirtzler et al. [1968] [1974] proposed that small-scale anomalies represent a high-resolution recording of the Earth's palcomagnetic field behavior, either short polarity events or palcointensity variations, whereas Schouten and Denham [1979] argued that they are caused by local variations in the magnetization of the source layer. The resolution of this question has important implications both for the nature of the geomagnetic field and for the structure of the magnetized layer.
There are two critical questions we address in this paper. A fundamental issue is whether tiny wiggles are actually a recording of palcomagnetic field behavior or, alternatively, if they are simply due to local variations in the magnetic source layer. If the former, the second question is whether they are caused by complete reversals of the field or, alternatively, reflect some other aspect of the palcomagnetic field such as palcointensity fluctuations.
We proceed by first analyzing magnetic anomalies over the Indian Ocean generated during a period of rapid seafloor spreading in the early Cenozoic [Patriat, 1983] . We find a very distinctive and coherent pattern of tiny wiggles superimposed on the long reversed intervals between anomalies 24 and 27. A stack of profiles from several different areas of the Indian Ocean supports their field related origin. We also show that the same distinctive signal between anomalies 26 and 27 is observed 1Now at Scripps Institution of Oceanography, La Jolla, CA. We then demonstrate through a modeling exercise that the tiny wiggles are not likely due to complete reversals of the field and, instead, appear to be due to intensity variations of the palcodipole field. We show that they may be due to the same spectrum of intensity fluctuations of the dipole field that are recognized over the last 5 Ma from palcointensity studies [e.g., Merrill and McElhinny, 1983] .
The recognition of tiny wiggles in the early Cenozoic suggests that the dipole field intensity fluctuations responsible for them may be a normal background aspect of the geomagnetic dipole field recorded by the ocean crust.
We propose that a more complete model of the texture of the magnetic source layer, particularly when modeling the character of fast spreading anomalies, should include not only temporal and spatial variations in the extrusion process as suggested by Schouten and Denham [1979] , but also magnetization fluctuations due to palcointensity variations.
DATA FROM THE CENTRAL INDIAN OCEAN
High fidelity recordings of the Earth's magnetic field require a combination of fast spreading rates, uniform plate motion, and a favorable orientation relative to Earth's magnetic field. The Central Indian Ocean was characterized by these three conditions in the Paleocene. Starting in the late Cretaceous, spreading rates accelerated on the Central Indian Ridge to a half rate of over 60 mm/yr at around anomaly 30 time [Patriat, 1983] . Major adjustments in spreading occurred between anomalies 30 and 28 as the ridge axis jumped from the Mascarene basin to the north side of the Seychelles. Around anomaly 24 time India started to collide with Asia and spreading slowed down and changed direction. The interval between anomalies 27 and 24, however, marked a period of uniform fast spreading when particularly distinct patterns of tiny wiggles were recorded by the oceanic crust.
We have analyzed 21 magnetic profiles crossing anomalies 24 to 27 in the Indian Ocean (Figure 1 
ANALYSIS
In order to determine if there is a coherent pattern of smallscale anomalies at different geographical regions in the Indian Ocean, the profiles were reduced to the pole, stretched to a common width, and stacked [Blalcely and Cox, 1972] . The reduction to the pole process removes the anomaly skewness or shape asymmetry [Schouten, 1971] Before examining the tiny wiggles, it is interesting to first examine the residual skewness of the stacked profiles. It has been observed that many marine magnetic profiles, after being reduced to the pole, display a residual skewness or anomalous skewness [Cande, 1976] Ocean profiles suggests that the magnetic source at this fast spreading rate is relatively simple, without the obvious complexities observed at slower spreading rates, and may explain why tiny wiggles are particularly well recorded in this region.
The only other skewness observations for this time interval are by Petronotis et al. [1989] , who observed about 11 ø of anomalous skewness in anomaly 25r in slower spreading rate (-30 mrrdyr) profiles from the Pacific. This result is consistent with previous findings of an apparent spreading rate dependency for the magnitude of anomalous skewness: for the same anomaly, faster spreading rate profiles generally have less anomalous skewness than slower spreading rate profiles [Cande, 1978; Roest eta/., 1992] . The implication of this spreading rate dependency is subject to debate, since the cause of anomalous skewness itself is still unclear, but it supports conventional wisdom that the magnetic source layer at faster spreading rates is less complex than at slower spreading rates.
We now turn to the tiny wiggles. Even though the exact pattern cannot be duplicated because the magnetization distribution is generated by a Gaussian process, the synthetic anomalies in Figure 9 Merrill, 1984] . This implies to us that tiny wiggles represent a uniform, background variation of the geomagnetic field. If tiny wiggles are attributed to complete reversals of the field, they represent short periods of one polarity embedded in much longer periods of opposite polarity. Such a phenomenon can be likened to a monostable oscillator [Cande and LaBrecque, 1974] in contrast to the generally Poisson distributed nature of established geomagnetic reversals [Cox, 1968; McFadden and Merrill, 1984] . We believe a more plausible explanation for the consistent character of tiny wiggles is that they represent an earth-filtered record of a broad spectrum of paleointensity variations.
As a consequence of the inherent ambiguity in interpretation of tiny wiggles, short polarity intervals which are identified solely on the basis of marine magnetic anomaly data should be treated with a great deal of caution. It is always possible and often convenient to model the observed tiny wiggles as if they were due to short polarity intervals. Such a procedure is useful to specify the age and apparent duration of a candidate short polarity interval for magnetostratigraphic testing, and as a practical matter, to construct more detailed magnetic models that aid in the identification of problematic anomaly sequences. However, in order to emphasize the uncertain origin of tiny wiggles, we proposed the designation cryptochron for short polarity intervals that are modeled only from magnetic anomalies and that have apparent durations of less than 30 kyr in the calibrated time scale [Cande and Kent, 1992] Cobb Mountain. In Table 1 The selection of a 30 kyr cutoff for the designation cryptochron reflects our feeling that most tiny wiggles which can be modeled with short polarity intervals of less than 30 kyr duration, such as all of the tiny wiggles between anomalies 24 and 27, are likely to be due to palcointensity variations. It also seems likely that most tiny wiggles which can be modeled by short polarity intervals longer than 30 kyr are likely to be due to true polarity intervals. However, the inherent ambiguity in their interpretation must be recognized by noting that it is possible that some tiny wiggles modeled by short polarity intervals approaching 50 kyr are conceivably due to palcointensity variations. A second reason for selecting 30 kyr as a cutoff for the designation cryptochron is that for durations shorter than 30 kyr the marine magnetic anomaly record has been investigated in detail over only a few relatively discrete 
